is not yet commercialized however due to its characteristics, it can be used to produce oil palm decanter cake natural polymer composite (OPDC-NPC). NPC is a type of material made by combining natural fiber with polymer. Therefore the objective of this paper is to produce NPC from OPDC and then determine its mechanical and physical properties such as elasticity, stiffness, tensile strength and water absorption rate. The OPDC samples were collected from Felda Trolak Palm Oil Mill. Prior to NPC development, the oil was removed from OPDC using hexane soxhlet extraction method. OPDC-NPC was fabricated using molding method where the mixture of 95% polypropylene (PP) and 5% OPDC were mixed using twin-screw extruder. The results showed that OPDC-NPC has an elasticity of 2231 MPa, stiffness of 30 MPa, tensile strength of 32 MPa and water absorption rate of 0.16 % which was slightly better with the other types of fibers.
Introduction
Palm oil is derived from mesocarp of the oil palm fruits [1] . In 2012, Malaysia is the second largest palm oil producer in the world [2] . Being among the largest producer of palm oil products, Malaysia also produces huge amount of oil palm biomass which includes oil palm trunks (OPT), oil palm fronds (OPF), mesocarpfibre (MF), empty fruit bunches (EFB), palm oil mill effluent (POME), palm kernel shells (PKS) and oil palm decanter cake (OPDC). The palm biomasses OPT and OPF are produced in the plantation while MF, EFB, POME, PKS and OPDC are produced in the mill. Among all, OPDC is increasingly produced throughout the country due to more installation of new decanter machines in the mill. The purpose of installing decanter machine are to recover the remaining oil from the underflow (sludge fraction) in the oil clarification process and reduce the solid loading in the palm oil mill effluent before sent for further biological treatment using open pond treatment system. There are currently two types of decanter machine, first is two-phase decanter machine and secondly is three-phase decanter machine. The typical flow diagram of both decanter machines is illustrated in Figure 1 .It was estimated that 4.2% of a decanter cake were produced from fresh fruit bunch (FFB) [3] . Currently, OPDC are used as co-composting substrate for fertilizer production and as animal feed [3] . However the value for these products is low and not attractive to industrial players. From pervious literature, natural polymer composite (NPC) can be developed from lignocelluloses materials which include jute, kenaf, coconut coir, hemp, sisal andabaca [4] . There areliterature mentioned that OPDC is made up of oil palm fiber debris, and it contain cellulose and hemicelluloses [5] . Due to this similarity, OPDC can also be used as natural filler for producing NPC. The advantages of using NPC compared to plastic are it is renewable, biodegradable, lower specific gravity and non-corrosive [6] . Due to these features, in this study NPC will be developed using OPDC as the natural filler and their properties will be evaluated based on flexural strength (stiffness and elasticity), tensile strength and water absorption rate.
(a) Two-phase decanting process (b) Three-phase decanting process Figure 1 : Process flow for two-phase and three-phase decanting process.
Materials and Methods
Materials. OPDC samples were obtained from FELDA Trolak Palm Oil Mill, Malaysia. Prior to NPC fabrication, the samples were dried to remove the moisture and ground to fine powder of <250µm. Then, the oil was removed by using soxhlet extraction method with hexane as the exchange solvent. 
Result and Discussion
Flexural Strength. Table 1 shows comparison of flexural strength of NPC developed from OPDC with other materials. The material with 100% PP composition has the highest flexural strength which is 2785 MPa of elasticity and 45MPa of stiffness. The addition of 5% OPDC has reduced the flexural strength of NPC to 2231 MPa for elasticity and 30 MPa for stiffness. However, in comparison with NPC developed from other materials (coconut coir, jute, palm fiber and EFB), the flexural strength of OPDC-NPC is still the highest. This can be explained from the physical size of the materials itself. 90% PP + 10% EFB 0.5 2175 26 [10] Table 1 also shows the sizes of different materials used to develop NPC. In this case, OPDC is the smallest size (0.25 mm) compared with jute/coir (4 mm), palm fiber (13 mm) and EFB (0.5 mm). Figure 2 shows the correlation between fiber size and flexural strength. It is clear that the fiber sizes play an important role to increase the flexural strength of the NPC. The correlation between fiber size and flexural strength. [11] stated that the different in fiber sizes affected the mechanical strength of the NPC. In another study, researchers found that the NPC made from fine fibers showed the highest elasticity and stiffness [12] . This is consistent with the results obtained from this study as shown Table 1 . OPDC has the smallest fiber size compared to the others types of natural fiber. OPDC is actually originated from the plant material debris mainly mesocarp fibers. Due to intense mechanical pressing by screw-press machine, the fibers were partly broken into fine powders. That is why the sizes of OPDC were fine which was then recovered by the decanter machine. Due to this fine sizes, the NPC made from OPDC gave the highest elasticity and stiffness compared to the rest. In the case of palm fiber which was obtained from the trunk of the palm tree, due to mechanical limitation of the grinding machine, the fiber sizes used were still coarse (13 mm). It was reported earlier that coarse fiber sizes resulted in lesser adhesion between PP and natural fiber compared to the fine fibers [11] . This can be explained because fine fibers have larger exposed surface area to the PP material compared to the coarse fibers. Due to larger surface area exposure, better internal bondings are developed between fibers and PP. Meanwhile weak bonding can cause gap between fibers and PP that eventually make it easier to break under load [13] . The function of PP in NPC is as a binder for natural fiber and it transfer the load to the natural fiber through the shear stress [14] . A good internal bonding characteristic can create better load transfer from PP to the natural fiber and eventually can cause increase in the flexural strength of the NPC material. As shown in Table 1 , OPDC has a better flexural strength compared to the other natural fibers.
Tensile Strength. Table 2 shows material with 100% PP compositions has the highest tensile strength which is 38 MPa. The addition of 5% OPDC-NPC has reduced the tensile strength to 27 MPa. However, in comparison with NPC developed from other materials (coir, jute, and EFB), flexural strength of OPDC-NPC is still the highest. Figure 3 : Correlation between fiber size and tensile strength. Table 2 also shows the sizes of different materials used to develop NPC. In this case, OPDC is the finest size (0.25 mm) compared with jute/coir (4 mm) and EFB (0.5 mm). Figure 3 shows the correlation between fiber size and tensile strength.
The internal bonding between fiber-matrix gives effects on the tensile strength of the NPC [10] . The internal bonding was reported to be affected by the size of natural fiber used in NPC development [11] . From the result in Table 2 , ODCP has the finest fiber size (0.25 mm) as compared to the other natural fibers (jute, coir, EFB). As mentioned earlier, the finer fiber has a larger exposed surface area to the PP compared to the coarse fiber. As explained earlier, the larger surface area can create good bonding between fiber and PP and eventually results in higher tensile strength. [15] stated that the load that being applied to NPC is transferred from the PP to natural fiber by shear stress along the bonding. Hence, by improving the bonding between PP and natural fiber will cause better transfer and higher tensile strength can be obtained.
Water Absorption. Theoretically water absorption characteristic of NPC is caused by hydrophilic properties of natural fibers and the bonding between natural fiber and PP. Table 3 shows that material with 100% PP did not absorbed water at all. By adding 5% OPDC, the water absorption rate of the NPC increased to 0.16%. In comparison with NPC developed from other materials (coir/ jute, rice husk and EFB), water absorption rate of OPDC-NPC is still the lowest.
Table3 According to [15] , the available of hydroxyl group in natural fiber such as rice husk, palm fiber, jute, coir which caused it attracted the water through hydrogen bond. The untreated natural fiber is hydrophilic meanwhile PP are hydrophobic [17] . This can cause internal bonding problem between PP and natural fiber due to different hydrophilic-hydrophobic properties. The weak bonding in NPC can create gaps (pits, cracks) or void and according to [15] , water absorption can occur because water can penetrate into pits, cracks and voids that formed during the fabrication of NPC. Due to this water absorption phenomenon that can cause high moisture content in NPC, the mechanical properties and dimensional stability of NPC will be affected severely as explained by [13] . As shown in Table 3 ,the water absorption rate is also increased at higher natural fiber loading (10% natural fiber). As the fiber content increased, the amount of water absorbed in the NPC also increased due to hydrophilic properties of fiber as explained earlier. Thus it is not recommended to add higher percentage of natural fiber unless it is treated to have hydrophobic properties.
Conclusion
This study describes the properties of NPC developed from OPDC in terms of elasticity, stiffness, tensile strength and water absorption rate. For the flexural and tensile strengths, OPDC-NPC showed better results compared to jute/coir, palm fiber, EFB and rice husk fibers. However for water absorption, the fiber required hydrophobic surface modification for better NPC.
